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The natural habitat of the multiflagellate protozoon Lophomonas blattarum is as an
endocommensal in the hindgut of insects such as cockroaches. However, it also causes
bronchopulmonary disease in humans. The aim of this paper was to review the literature on this
organism in the context of respiratory disease. The biology epidemiology, route of transmission,
pathogenic mechanisms and diagnosis methods are also described. A total of 61 cases were
identified in the literature. The majority of these reports were from China, with some cases from
Peru and Spain. Most cases were adult males, although paediatric cases were reported in Peru.
Clinical presentation was non-specific, including symptoms such as fever, cough and breathless.
Antiprotozoal therapy was generally effective.
Introduction
Clinically significant pulmonary protozoal infections are
increasingly being recognized (Vijayan, 2009). This rise
may in part be due to an increasing proportion of the
population having compromised immune function.
Compromised immune function in the respiratory tract
can be due to infection with the human immunodeficiency
virus, long-term use of immunosuppressive therapies,
cancer, systemic illness, the ageing process, or chronic
respiratory pathology. A proportion of the rise in protozoal
infections is due to the subgroup of flagellates (Martı´nez-
Giro´n et al., 2008a). This paper focuses on one of these, a
multiflagellate protozoon called Lophomonas blattarum.
L. blattarum is a rare but potentially important cause of
bronchopulmonary infection and respiratory symptoms
(Yao, 2008; Wu & Liu, 2010; Zhang et al., 2011). The
organism has been also reported in adult patients with
bronchopneumonia, paediatric in-patients with severe
pulmonary disease (Zerpa et al., 2010), and adult patients
with asthma (Martı´nez-Giro´n et al., 2007; Martı´nez-Giro´n
& Doganci, 2010).
The identification of this protozoon in human samples has
been based on the identification of morphological features
under light microscopy using fresh and stained samples from
the airways including sputum, bronchoalveolar lavages,
bronchial brushings and tracheal aspirates. Multiflagellate
protozoa are difficult to differentiate from ciliated bronchial
epithelial cells, and misidentification under light microscopy
is a significant risk (Martı´nez-Giro´n et al., 2011). This risk
should be reduced in the future with the development of
molecular methods of identification.
L. blattarum has not been previously summarized in a
comprehensive review. The purpose of this paper is,
therefore, to review available literature on L. blattarum
and to examine this protozoon as an example of an insect
endocommensal, where the shared habitat of humans and
insects may have wider significance for bronchopulmonary
disease.
This literature review was based on extensive searching of
PubMed and Google Scholar, which is now one of the most
comprehensive online databases, using the search term
Lophomonas. The references quoted in identified papers
were also reviewed to identify additional case reports.
The searches of PubMed and Google Scholar produced 16
and 252 results, respectively, (excluding patents and
secondary citations) as of 28 December 2012. The literature
identified is summarized below under the headings of:
taxonomy and biology, morphology, culture, epidemi-
ology, clinical symptoms diagnosis and treatment. The
conclusions also contain some speculation on possible links
between Lophomonas in sputum and in insects, and the
possibility of transmission from insects to humans.
Taxonomy and biology
In recent classifications of unicellular eukaryotes including
protozoa and other protists (Adl et al., 2005), Lophomonas is
described as belonging to the supergroup Excavata, first rank
Parabasalia, second rank Cristamonadina. Lophomonas are
anaerobic multiflagellate parabasalids and comprise two
species: L. blattarum and Lophomonas striata. Both are
endocommensals in the hindgut of certain arthropods such
as termites and omnivorous roaches (Strand & Brooks,
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1977), and have also been described in the faeces of certain
birds, such as bustards (Silvanose et al., 1999). L. blattarum
has been observed in the hindguts of several species of
cockroach including Blatta orientalis (Kudo, 1926b; Semans,
1941), Periplaneta americana (Hoyte, 1961a), and Blattella
germanica (Tsai & Cahill, 1970). The role that flagellate
protozoa play in the hindgut of the cockroaches seems to be
one of facilitation of digestion of nutrients, especially the
digestion of lignocellulose (Trager, 1932; Wharton et al.,
1965).
As endocommensals, these protozoa use part of the food
material which could be used by the host, but they do not
normally invade the host’s tissues. This role is similar to
that of other micro-organisms, such as the ciliated
protozoon Nictotherus ovalis (Gijzen & Barugahare, 1992)
and a range of bacteria and fungi (Cruden & Markovetz,
1979; Martin, 1983; Schauer et al., 2012; Gibson & Hunter,
2009).
Morphology
The morphological characteristics of L. blattarum under
light microscopy are well described (Brugerolle & Lee,
2000). The protozoon appears as round-ovoid or piriform
in shape (only the smallest forms possess the more
spherical shape), and measures 20–60 mm in length and
12–20 mm in width. The cytoplasm looks granular, with
some phagocyted food particles. At one of the poles (the
apical zone) the protozoon has a tuft of numerous flagella
with an irregular orientation (Fig. 1a, b). The outer flagella
of the tuft are smaller and separate, and vibrate freely in the
surrounding fluid medium. Occasionally, the nucleus may
be seen as a round dark body situated a short distance
under the insertion of the flagella (Bu¨tschli, 1879).
Multiplication of the trophozoites is mainly by binary
fission. Encysted forms have been described (Kudo, 1931),
and fully formed cysts are spherical or sometimes oblong
and surrounded by a homogeneous membrane. In L.
striata, the nucleus of the cyst undergoes division and
forms two daughter nuclei (Kudo, 1926c). Lucas (1928)
described excystation of L. striata, emerging as a double
organism from a small aperture in the cyst wall in the
hindgut of cockroaches such as P. Americana and Blatta
orientalis. In his paper he maintains that excystation occurs
in both L. striata and L. blattarum.
Although both L. blattarum and L. striata have a tuft of
flagella, the body of L. striata is tightly folded in its
longitudinal axis by striations clearly located on its surface
and resembling closely those reported for certain bacteria
(Beams et al., 1960).
Under the light microscope and in sputum samples, in both
fresh and stained smears by the Papanicolaou method and
Wheatley s trichomic stain, the morphological features of
L. blattarum are clear. Two pathognomonic morphological
characteristics of ciliated epithelial fragments were used to
differentiate them from flagellated protozoa: the observation of
a round-oval nucleus at the basal end of the cell (if a nucleus
was present); and amarked terminal bar at the apical end of the
cell with regular, unidirectional cilia inserted into the terminal
bar (Figs 2 and 3).
In the natural environment, Lophomonas’ food consists of
fluid matter present in the colon of the host. The
movements of the flagella create an alimentary flow which
wafts this food towards the cell.
Electron microscopy studies of the ultrastructure of flagellate
protozoa have shown some peculiar cytoplasmic structures
(a) (b)
Fig. 1. (a) Flagellate protozoon observed in a fresh sample from a spontaneous expectoration. Note the piriform shape, granular
cytoplasm with a large vacuole and the characteristic tuft of numerous and irregular flagella at the apical end (black arrow).
These morphological features are compatible with L. blattarum (immersion oil,  1200; bar, 15 mm). (b) Similar flagellate
protozoon in a sputum smear, also demonstrating the piriform shape, granular cytoplasm and the tuft of flagella (black arrow)
(Wheatley’s trichomic,  1000; bar, 15 mm).
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such as the calyx, axial filament and parabasal body (Beams
& Sekhon, 1969). The calyx is a trumpet-shaped body
extending down the central axis, inside which is a nucleus.
Surrounding the calyx is a specialized collar of cytoplasm
known as the parabasal body, which possess numerous
radiating tubules that penetrate to the calyx and supporting
the nucleus–endomembrane system in a restricted region of
the cell. This parabasal body is an endomembrane system
restricted in position to a perinuclear zone at the anterior end
of the protozoon. This endomembrane system may be
involved in the synthesis of enzymes, lysosomes and
peroxisomes (Kessel & Beams, 1990). In addition, the
flagella–nucleus–parabasal body–calyx–axial filament com-
plex may separate from the remainder of the cell and assume
a temporary motile existence.
Although cilia and flagella have similar structures they can
be differentiated as they vary in length, in number per cell,
and in the patterns of motility that they produce (Mitchell,
2007; Lindeman & Lesich, 2010). However, in the opinion
of the authors, misidentification of ciliated epithelial cells
as flagellated protozoa may be present in a number of
images in the published literature (Wang et al., 2006; Yao
et al., 2009; He et al., 2011).
Culture
L. blattarum is more difficult to culture than many other
protozoa living in the gut of cockroaches such as
Endamoeba blattae and Nyctotherus ovalis. However, it
has been grown in three mediums utilized by Chen (1933)
and in a medium which contained 0.8% salt solution with
yeast added as food (Kirby, 1950). The yeast used as the
food source was grown in lemon juice diluted with an
equal amount of tap water.
Epidemiology
Overt respiratory infection by L. blattarum is rare. We have
identified 61 published case reports, of which 53 (86.9%)
were from China, six (9.8%) from Peru´ and two (3.3%)
from Spain. Of the 53 Chinese cases, 37 were male and 16
female. Overall, 70.9% (39/55) of cases where gender was
recorded were male.
Most of the cases from outside Peru were in adults. The
Chinese cases ranged from 15 to 95 years (median 45
years), the two Spanish cases were 21 and 45 years,
respectively, and the Peruvian cases included two infants of
4 months and one of 18 months, and children aged 5, 8 and
15 years.
More cases were male than female: of the 45 Chinese cases, 31
were male and 14 females; the two Spanish cases were also
male. The gender of the Peruvian cases was not recorded.
Overall, 70% (33/47) of cases where gender was recorded
were male. The reasons for this gender imbalance are unclear.
All the cases in the reviewed literature had evidence of
previous and/or concomitant respiratory disease. Immuno-
suppression was a feature in a number of the case reports,
with seven cases having a history of renal allograft
transplantation, one with liver allograft transplantation,
and one case where allogeneic haematopoietic stem cell
(a) (b)
Fig. 2. Morphological differences between a ciliated bronchial cell
and the flagellate protozoon L. blattarum in fresh sputum samples.
(a) Ciliated bronchial cell with columnar shape, nucleus at basal
end, visible and marked terminal bar and inserted cilia at the apical
end. (b) L. blattarum with oval shape, granular cytoplasm with
phagocyted particles and a tuft of flagella (black arrow) (immersion
oil  1000; bar, 6 mm).
(a) (b)
Fig. 3. Morphological differences between cytoplasmic fragments
of ciliated bronchial cells (a) and the flagellate protozoon L.
blattarum (b) in stained sputum smears. Note that cilia are regularly
oriented whereas the flagella have an irregular arrangement
(Papanicolaou stain,  1000; bar, 12 mm).
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transplantation had taken place. Two of the Peruvian cases
suffered from congenital heart disease and one from Down’s
syndrome, which may also have affected underlying
immunocompetence. No case reports were identified in
relation to human immunodeficiency virus infection,
although this is an important cause of immune-suppression.
Clinical symptoms, diagnosis and treatment
In adult patients, the commonest clinical symptoms were
similar to other respiratory conditions such as bronchial
asthma, pneumonia, bronchiectasis or pulmonary abscesses.
In the case reports, cough was always present. Varying degrees
of expectoration were reported including small quantities of
white sputum, yellowish purulent sputum or blood-stained
sputum. Fever was present in over 90% of the English
language cases where this question was addressed, with
temperatures ranging from 37.5 to 39.0 uC. Some patients
had shortness of breath, chest tightness, symptoms of acute
wheeze and asthma attacks. On physical examination, many
cases had fine crepitations and wheezing in both lungs.
Chest X-ray and CT scans showed patchy nodular or linear
infiltrating opacities scattered throughout both lungs,
which may be migratory, and associated with a degree of
bronchial obstruction. Bronchoscopy has indicated affected
airways that were narrowed with obstruction of the
bronchial orifices and a bronchial mucosa that appeared
congested and oedematous, with foci of hyperplasia and
inflammation and white necrotic matter on the mucosa.
Examination of blood samples indicated that around 35%
of patients had raised circulating eosinophils.
Diagnosis was generally made on the basis of observation
of the flagellate protozoa in either fresh or stained sputum
smears. In the case reports, respiratory secretions were
obtained by means of bronchoscopy and/or spontaneous
expectoration. Some of the patients were severely affected.
Among the paediatric patients, five had pneumonia, one
had atelectasis, and four were admitted to intensive care.
There is a need for further research which applies modern
molecular techniques to the characterization and diagnosis
of these protozoa.
Treatment of bronchopulmonary infection by L. blattarum
was generally with metronidazole, as this is commonly used
in protozoal infection (Ribas et al., 2007; Shi et al., 2007).
The usual dose is 500 mg every 8 h orally for 7–10 days in
adults, and 7.5 mg kg21 every 8 h in children. A single
intravenous dose of 15 mg kg21 over 1 h (as a loading dose)
followed by 7.5 mg kg21 every 6 h has also been used.
Metronidazole diffuses well throughout the body and is
present in secretions and effusions. Excretion is by the renal
route and consequently the dosage should be adjusted in the
presence of renal insufficiency. The drug is not advised for
use during pregnancy and lactation; it also interacts with
alcohol to produce an adverse reaction. Alternatives would
be Tinidazole 500 mg every 12 h orally for 5–6 days, or
Albendazole 400 mg day21 orally for 5 days.
Conclusions
L. blattarum is increasingly being recognized as an
important pulmonary protozoal infection (Vijayan &
Kilani, 2010). This may in part be due to a rise in the
number of individuals who have compromised immune
function and are consequently susceptible to atypical
infections (Ribas et al., 2005; Duboucher et al., 2005),
including infection with species of protozoa that are not
parasitic under normal circumstances (Barratt et al., 2010).
Although immunosuppression was a contributory factor in
a number of cases, it was not present in the majority of case
reports identified for this review. In contrast, respiratory
pathology was generally present either as a concomitant
condition or subsequent to the infection. Diagnosis has
generally been by light microscopy. However, the use of
features identified under electron microscopy may be
worth pursuing, as its use as a diagnostic tool has been
demonstrated in relation to the presence of other
flagellated protozoa in the respiratory tract (Carter &
Whithaus, 2008).
Molecular studies have been undertaken to establish the
phylogenetic position and taxonomic classification and of a
wide range of endocommensal parabasalids (Gerbod et al.,
2000, 2004; Hampl et al., 2004; Ohkuma et al., 2005;
Table 1. Cases reported on L. blattarum and bronchopulmo-
nary disease
Author (s) and Year Case (s)
reported
Country
Chen & Meng (1993) 1 China
Dong et al. (2000) 1 China
He et al. (2011) 2 China
Kang et al. (2008) 1 China
Li et al. (2009) 1 China
Liu et al. (2007) 1 China
Martı´nez-Giro´n et al. (2007) 1 Spain
Martı´nez-Giro´n & Doganci (2010) 1 Spain
Miao et al. (2008) 1 China
Shi et al. (2007) 26 China
Wang (2012) 1 China
Wang et al. (2006) 4 China
Yang et al. (2000) 1 China
Yao (2008) 2 China
Yao et al. (2009) 1 China
Yao et al. (2008) 1 China
Yao et al. (2008) 1 China
Yao et al. (2008) 1 China
Yao et al. (1999) 1 China
Zerpa et al. (2010) 6 Peru
Zhang, F. et al. (2010) 2 China
Zhang, R. S. et al. (2010) 1 China
Zhang et al. (2011) 1 China
Zhou et al. (2006) 2 China
Total 61
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Yubuki et al., 2010; Malik et al., 2011). Similar studies have
examined L. striata (Gile & Slamovits, 2012) and subse-
quently described a new genus (Simplicimonas) and three
new species including Tetratrichomonas undula, Hexamastix
coercens and Simplicimonas similis (Cepicka et al., 2010).
Some studies of human respiratory secretions and pleural
fluid samples for flagellates have been undertaken, including
studies of Trichomonas vaginalis (Duboucher et al., 2003),
Trichomonas tenax (Mahmoud & Rahman, 2004; Mallat
et al., 2004; Leterrier et al., 2012), Tetratrichomonas sp.
(Kutisova et al., 2005; Mantini et al., 2009) and
Tritrichomonas foetus (Duboucher et al., 2006). However,
no molecular study of L. blattarum was identified.
Possible links between Lophomonas infection and
insects in the domestic environment
Lophomonas may be an example of interplay between
endosymbionts in insects found in domestic environments
and human disease which may be occurring with other
organisms. Several papers have proposed that cockroaches
act as carriers of important carriers of human pathogens
including protozoa, such as Entamoeba hystolitica (Pai
et al., 2003; Kinfu & Erko, 2008), Toxoplasma gondii
(Chinchilla et al., 1994), Cryptosporidium parvum and
Balantidium coli (El-Sherbini & Gneidy, 2012). The fact
that L. blattarum is also carried by such insects suggests
that the presence of infected insects in domestic dwellings
could be associated with an increased risk of inhalation
of Lophomonas and subsequent human infection. This
hypothesis is supported by a number of considerations. It
is presumed that L. blattarum present in the gut of
cockroaches is subsequently eliminated from the hindgut
in faeces and, as has been shown for another flagellate
protozoa (Bittencourt-Silvestre et al., 2010; Zaragatzki et
al., 2010), that the organism develops cystic forms that can
survive in the environment if external conditions are
adverse. It seems reasonable to suppose that cysts of L.
blattarum could subsequently be inhaled into the respir-
atory airways, and given suitable humidity, temperature,
and oxygen concentration, could undergo excystation. This
would produce free trophozoites in the respiratory airway
epithelium and it is possible to speculate that this could
affect the human host via protease-activated receptors
(Martı´nez-Giro´n & Ribas, 2006) and/or interaction with
‘tight junctions’ (Martı´nez-Giro´n, 2011a).
L. blattarum is an endocommensal in a range of insects
found in the domestic environment. Cockroaches are
known to harbour a considerable range of endocommensal
ciliates, amoebae and flagellates including L. blattarum, L.
striata, Trichomastix orthopterum and Hexamita periplane-
tae (Hegner, 1929) and constitute an important reservoir
for infectious pathogenic parasites (Tatfeng et al., 2005).
On occasions cockroaches have been shown to feed on
human faeces and subsequently disseminate cysts of enteric
protozoans in the human faeces into the wider envir-
onment (Graczyk et al., 2005).
There are a number of factors that support the hypothesis
that the inhalation of Lophomonas cysts may be a route of
transmission of this protozoon from cockroaches or other
insects to humans. Protozoan parasites can encase
themselves in carbohydrate-rich cysts which can survive
under adverse conditions in soils and airborne environ-
ments before transmission to a new host (Eichinger, 2001;
Cha´vez-Munguı´a et al., 2007) and the encystation pathway
is a recognized virulence mechanism whose ‘biological
goal’ is survival in the environment and subsequent
infection of a new host (Lauwaet et al., 2007).
Many of the steps in this pathway have been demonstrated
for Lophomonas. Protozoa have been shown to be living in
the anaerobic environment as the gut of termites and
cockroaches (Leschine, 1995). Cystic forms of flagellate
protozoa (Leptomonas sp.) have been isolated from the
intestine of insects which form the natural host of that
species (Romeiro et al., 2000). Cyst forms and excystation
phenomena have also been observed in the hindgut of
cockroaches in relation to L. blattarum and L. striata.
Protozoan cysts of flagellates have been isolated as airborne
contaminants in the atmosphere (Rogerson & Detwiler,
1999). In conclusion, although not proven, this hypothesis
clearly warrants further examination. A similar hypothesis,
that protozoa observed in sputum may be linked to
endocommensal organisms in other respiratory conditions,
has been proposed in relation to asthma (Martı´nez-Giro´n
et al., 2008b; Martı´nez-Giro´n, 2011b; Martı´nez-Giro´n &
van Woerden, 2013; van Woerden et al., 2011).
A clinical response to metronidazole would support a
diagnosis of bronchopulmonary lophomoniasis where
protozoa were identified in sputum. However, such a
clinical response would not be pathognomonic, as metro-
nidazole is also effective against a wide range of anaerobic
bacteria and other parasitic respiratory infections
(Samuelson, 1999). Interestingly, metronidazole has also
been shown to have a major effect on intestinal protozoa
present in the cockroach P. americana (Bracke et al., 1978).
This review highlights some important areas for future
work. Electron microscopy studies of L. blattarum are
needed which might be of use in a diagnostic context. The
development of specific culture media for the organism
and the development of reliable molecular markers would
also be very helpful. These steps would facilitate fuller
characterization of this potentially important organism and
clarification of the true prevalence of lophomoniasis.
References
Adl, S. M., Simpson, A. G., Farmer, M. A., Andersen, R. A., Anderson,
O. R., Barta, J. R., Bowser, S. S., Brugerolle, G., Fensome, R. A. &
other authors (2005). The new higher level classification of
eukaryotes with emphasis on the taxonomy of protists. J Eukaryot
Microbiol 52, 399–451.
Barratt, J. L., Harkness, J., Marriott, D., Ellis, J. T. & Stark, D. (2010).
Importance of nonenteric protozoan infections in immunocompro-
mised people. Clin Microbiol Rev 23, 795–836.
Lophomonas and bronchopulmonary disease
http://jmm.sgmjournals.org 1645
Beams, H. W. & Sekhon, S. S. (1969). Further studies on the fine
structure of Lophomonas blattarum with special reference to the so-called
calyx, axial filament, and parabasal body. J Ultrastruct Res 26, 296–315.
Beams, H. W., King, R. L., Tahmisian, T. N. & Devine, R. (1960).
Electron microscope studies on Lophomonas striata with special
reference to the nature and position of the striations. J Eukaryot
Microbiol 7, 91–101.
Bittencourt-Silvestre, J., Lemgruber, L. & de Souza, W. (2010).
Encystation process of Giardia lamblia: morphological and regulatory
aspects. Arch Microbiol 192, 259–265.
Bracke, J. W., Cruden, D. L. & Markovetz, A. J. (1978). Effect of
metronidazole on the intestinal microflora of the American cockroach,
Periplaneta americana l. Antimicrob Agents Chemother 13, 115–120.
Brugerolle, G. & Lee, J. J. (2000). Phylum parabasalia. In An
Illustrated Guide to the Protozoa, 2nd edn, vol. 2, pp. 1196–1250.
Edited by J.J. Lee, G.F. Leedale & P. Bradbury. Lawrence: Society of
Protozoologists.
Bu¨tschli, O. (1879). Researches on the flagellate infusoria and allied
organisms. Quarterly Journal of Microscopical Science s2–19, 63–103.
Carter, J. E. & Whithaus, K. C. (2008). Neonatal respiratory tract
involvement by Trichomonas vaginalis: a case report and review of the
literature. Am J Trop Med Hyg 78, 17–19.
Cepicka, I., Hampl, V. & Kulda, J. (2010). Critical taxonomic revision
of Parabasalids with description of one new genus and three new
species. Protist 161, 400–433.
Cha´vez-Munguı´a, B., Oman˜a-Molina, M., Gonza´lez-La´zaro, M.,
Gonza´lez-Robles, A., Cedillo-Rivera, R., Bonilla, P. & Martı´nez-
Palomo, A. (2007). Ultrastructure of cyst differentiation in parasitic
protozoa. Parasitol Res 100, 1169–1175.
Chen, L. (1933). Zu¨chtungsversuche an parasitischen protozoen
vonPeriplaneta orientalis. Zeitschrift fu¨r parasitenkunde 6, 207–219.
Chen, S. X. & Meng, Z. X. (1993). [Report on one case of Lophomonas
blattarum in respiratory tract]. Zhongguo Ji Sheng Chong Xue Yu Ji
Sheng Chong Bing Za Zhi 11, 28. (in Chinese).
Chinchilla, M., Guerrero, O. M., Castro, A. & Sabah, J. (1994).
Cockroaches as transport hosts of the protozoan Toxoplasma gondii.
Rev Biol Trop 42, 329–331.
Cruden, D. L. & Markovetz, A. J. (1979). Carboxymethyl cellulose
decomposition by intestinal bacteria of cockroaches. Appl Environ
Microbiol 38, 369–372.
Dong, H. F., Wang, R. F. & Yang, Y. P. (2000). One case of patients
with Lophomonas in phlegm. Journal of Shanghai Examination 1, 32.
Duboucher, C., Noe¨l, C., Durand-Joly, I., Gerbod, D., Delgado-
Viscogliosi, P., Jouveshomme, S., Leclerc, C., Cartolano, G. L.,
Dei-Cas, E. & other authors (2003). Pulmonary coinfection by
Trichomonas vaginalis and Pneumocystis sp. as a novel manifestation
of AIDS. Hum Pathol 34, 508–511.
Duboucher, C., Gerbod, D., Noe¨l, C., Durand-Joly, I., Delgado-
Viscogliosi, P., Leclerc, C., Pham, S., Capron, M., Dei-Cas, E. &
Viscogliosi, E. (2005). Frequency of trichomonads as coinfecting
agents in Pneumocystis pneumonia. Acta Cytol 49, 273–277.
Duboucher, C., Caby, S., Dufernez, F., Chabe´, M., Gantois, N.,
Delgado-Viscogliosi, P., Billy, C., Barre´, E., Torabi, E. & other
authors (2006). Molecular identification of Tritrichomonas foetus-
like organisms as coinfecting agents of human Pneumocystis
pneumonia. J Clin Microbiol 44, 1165–1168.
Eichinger, D. (2001). Encystation in parasitic protozoa. Curr Opin
Microbiol 4, 421–426.
El-Sherbini, G. T. & Gneidy, M. R. (2012). Cockroaches and flies in
mechanical transmission of medical important parasites in Khaldyia
Village, El-Fayoum, Governorate, Egypt. J Egypt Soc Parasitol 42, 165–174.
Gerbod, D., Edgcomb, V. P., Noe¨l, C., Delgado-Viscogliosi, P. &
Viscogliosi, E. (2000). Phylogenetic position of parabasalid symbionts
from the termite Calotermes flavicollis based on small subunit rRNA
sequences. Int Microbiol 3, 165–172.
Gerbod, D., Sanders, E., Moriya, S., Noe¨l, C., Takasu, H., Fast, N. M.,
Delgado-Viscogliosi, P., Ohkuma, M., Kudo, T. & other authors
(2004). Molecular phylogenies of Parabasalia inferred from four
protein genes and comparison with rRNA trees. Mol Phylogenet Evol
31, 572–580.
Gibson, C. M. & Hunter, M. S. (2009). Inherited fungal and bacterial
endosymbionts of a parasitic wasp and its cockroach host.Microb Ecol
57, 542–549.
Gijzen, H. J. & Barugahare, M. (1992). Contribution of anaerobic
protozoa and methanogens to hindgut metabolic activities of the
American cockroach, Periplaneta americana. Appl Environ Microbiol
58, 2565–2570.
Gile, G. H. & Slamovits, C. H. (2012). Phylogenetic position of
Lophomonas striata Bu¨tschli (Parabasalia) from the hindgut of the
cockroach Periplaneta americana. Protist 163, 274–283.
Graczyk, T. K., Knight, R. & Tamang, L. (2005). Mechanical
transmission of human protozoan parasites by insects. Clin
Microbiol Rev 18, 128–132.
Hampl, V., Cepicka, I., Flegr, J., Tachezy, J. & Kulda, J. (2004). Critical
analysis of the topology and rooting of the parabasalian 16S rRNA
tree. Mol Phylogenet Evol 32, 711–723.
He, Q., Chen, X., Lin, B., Qu, L., Wu, J. & Chen, J. (2011). Late onset
pulmonary Lophomonas blattarum infection in renal transplantation:
a report of two cases. Intern Med 50, 1039–1043.
Hegner, R. (1929). The viability of Paramecia and Euglenae in the
digestive tract of cockroaches. J Parasitol 15, 272–275.
Hoyte, H. D. M. (1961). The protozoa occurring in the hind-gut of
cockroaches. I. Responses to change in environment. Parasitology 51,
415–436.
Kang, J., Wu, L. M., Zhang, W., Yu, F. & Zhao, T. (2008). [A case report
on pulmonary Lophomonas blattarum infection]. Clinical Focus 23, 53.
(in Chinese).
Kessel, R. G. & Beams, H. W. (1990). Freeze fracture and scanning
electron microscope studies on the nuclear envelope and perinuclear
cytomembranes (parabasal apparatus) in the protozoan, Lophomonas
blattarum. J Submicrosc Cytol Pathol 22, 367–378.
Kinfu, A. & Erko, B. (2008). Cockroaches as carriers of human
intestinal parasites in two localities in Ethiopia. Trans R Soc Trop Med
Hyg 102, 1143–1147.
Kirby, H. (1950). Materials and Methods in the Study of Protozoa, pp.
24–25. Berkeley: University of California Press.
Kudo, R. R. (1926b). Observations of Lophomonas blattarum, a
flagellate inhabiting the colon of the cockroach, Blatta orientalis. Arch
Protistenkd 53, 191–214.
Kudo, R. R. (1926c). A cytological study of Lophomonas striata
Butschli. Arch Protistenkd 55, 504–515.
Kudo, R. R. (1931). Handbook of Protozoology, pp. 8–13. Edited by
C. Charles. Springfield: Tomas.
Kutisova, K., Kulda, J., Cepicka, I., Flegr, J., Koudela, B., Teras, J. &
Tachezy, J. (2005). Tetratrichomonads from the oral cavity and
respiratory tract of humans. Parasitology 131, 309-19.
Lauwaet, T., Davids, B. J., Reiner, D. S. & Gillin, F. D. (2007).
Encystation of Giardia lamblia: a model for other parasites. Curr Opin
Microbiol 10, 554–559.
Leschine, S. B. (1995). Cellulose degradation in anaerobic environ-
ments. Annu Rev Microbiol 49, 399–426.
R. Martinez-Giro´n and H. C. van Woerden
1646 Journal of Medical Microbiology 62
Leterrier, M., Morio, F., Renard, B. T., Poirier, A. S., Miegeville, M. &
Chambreuil, G. (2012). Trichomonads in pleural effusion: case
report, literature review and utility of PCR for species identification.
New Microbiol 35, 83–87.
Li, X. L., Wang, W. W., Liu, C. L., Wang, X. X. & Zhang, H. Q. (2009).
[Found Lophomonas blattarum in broncho alveolar lavage fluid: a case
report]. Chin J Lab Med 32, 708–709. (in Chinese).
Lindemann, C. B. & Lesich, K. A. (2010). Flagellar and ciliary beating:
the proven and the possible. J Cell Sci 123, 519–528.
Liu, P., Qi, L. Y., Lei, D. L. & Chen, S. M. (2007). [A case of pulmonary
Lophomonas blattarum infection]. Chin J Integr Med 8, 665. (in
Chinese).
Lucas, C. L. T. (1928). A study of excystation in Nyctotherus ovalis
with notes on other intestinal protozoa of the cockroach. J Parasitol
14, 161–175.
Mahmoud, M. S. & Rahman, G. A. (2004). Pulmonary trichomoniasis:
improved diagnosis by using polymerase chain reaction targeting
Trichomonas tenax 18S rRNA gene in sputum specimens. J Egypt Soc
Parasitol 34, 197–211.
Malik, S. B., Brochu, C. D., Bilic, I., Yuan, J., Hess, M., Logsdon, J. M.,
Jr & Carlton, J. M. (2011). Phylogeny of parasitic parabasalia and free-
living relatives inferred from conventional markers vs. Rpb1, a single-
copy gene. PLoS ONE 6, e20774.
Mallat, H., Podglajen, I., Lavarde, V., Mainardi, J. L., Frappier, J. &
Cornet, M. (2004). Molecular characterization of Trichomonas tenax
causing pulmonary infection. J Clin Microbiol 42, 3886–3887.
Mantini, C., Souppart, L., Noe¨l, C., Duong, T. H., Mornet, M., Carroger,
G., Dupont, P., Masseret, E., Goustille, J. & other authors (2009).
Molecular characterization of a new Tetratrichomonas species in a
patient with empyema. J Clin Microbiol 47, 2336–2339.
Martin, M. M. (1983). Cellulose digestion in insects. Comp Biochem
Physiol 75, 313–324.
Martı´nez-Giro´n, R. (2011). Potential role of protozoa and tight
junctions in the airway epithelium disruption. Clin Respir J 5, e6.
Martı´nez-Giro´n, R. (2011). Oxymonad and Spirotrichonympha: two
anaerobic flagellated protozoa on sputum smears related to asthma.
Diagn Cytopathol 39, 311–312.
Martı´nez-Giro´n, R. & Doganci, L. (2010). Lophomonas blattarum:
a bronchopulmonary pathogen. Acta Cytol 54 (Suppl), 1050–1051.
Martı´nez-Giro´n, R. & Ribas, A. (2006). Asthma, cockroaches, and
protozoal forms: chance or not chance? Ann Allergy Asthma Immunol
97, 818–819.
Martı´nez-Giro´n, R. & van Woerden, H. C. (2013). Clinical and
immunological characteristics associated with the presence of
protozoa in sputum smears. Diagn Cytopathol 41, 22–27.
Martı´nez-Giro´n, R., Ribas, A. & Astudillo-Gonza´lez, A. (2007).
Flagellated protozoa in cockroaches and sputum: the unhygienic
connection? Allergy Asthma Proc 28, 608–609.
Martı´nez-Giron, R., Doganci, L. & Ribas, A. (2008). From the 19th
century to the 21st, an old dilemma: ciliocytophthoria, multi-
flagellated protozoa, or both? Diagn Cytopathol 36, 609–611.
Martı´nez-Giro´n, R., Esteban, J. G., Ribas, A. & Doganci, L. (2008).
Protozoa in respiratory pathology: a review. Eur Respir J 32, 1354–
1370.
Martı´nez-Giro´n, R., van Woerden, H. C. & Doganci, L. (2011).
Lophomonas misidentification in bronchoalveolar lavages. Intern
Med 50, 2721, author reply 2723.
Miao, M., Wu, D. P., Sun, A. N. & Yan, L. Z. (2008). [Pulmonary
Lophomonas blattarum infection in a patient with allogenic hemato-
poietic stem cell transplantation]. Chin J Integr Med 47, 837–838. (in
Chinese).
Mitchell, D. R. (2007). The evolution of eukaryotic cilia and flagella as
motile and sensory organelles. Adv Exp Med Biol 607, 130–140.
Ohkuma, M., Iida, T., Ohtoko, K., Yuzawa, H., Noda, S., Viscogliosi,
E. & Kudo, T. (2005). Molecular phylogeny of parabasalids inferred
from small subunit rRNA sequences, with emphasis on the
Hypermastigea. Mol Phylogenet Evol 35, 646–655.
Pai, H. H., Ko, Y. C. & Chen, E. R. (2003). Cockroaches (Periplaneta
americana and Blattella germanica) as potential mechanical dissemi-
nators of Entamoeba histolytica. Acta Trop 87, 355–359.
Ribas, A., Martı´nez-Giro´n, R., Sa´nchez-Del-Rı´o, J. & Gonza´lez-
Alonso, D. (2005). Protozoal forms in the sputum of immunocom-
promized patients. Scand J Infect Dis 37, 205–210.
Ribas, A., Martı´nez-Giro´n, R., Ponte-Mittelbrum, C., Alonso-Cuervo,
R. & Iglesias-Llaca, F. (2007). Immunosupression, flagellated
protozoa in the human airways and metronidazole: observations on
the state of the art. Transpl Int 20, 811–812.
Rogerson, A. & Detwiler, A. (1999). Abundance of airborne
heterotrophic protists in ground level air of South Dakota. Atmos
Res 51, 35–44.
Romeiro, A., Sole´-Cava, A., Sousa, M. A., de Souza, W. & Attias, M.
(2000). Ultrastructural and biochemical characterization of promas-
tigote and cystic forms of Leptomonas wallacei n. sp. isolated from
the intestine of its natural host Oncopeltus fasciatus (Hemiptera:
Lygaeidae). J Eukaryot Microbiol 47, 208–220.
Samuelson, J. (1999). Why metronidazole is active against both
bacteria and parasites. Antimicrob Agents Chemother 43, 1533–
1541.
Schauer, C., Thompson, C. L. & Brune, A. (2012). The bacterial
community in the gut of the Cockroach Shelfordella lateralis reflects
the close evolutionary relatedness of cockroaches and termites. Appl
Environ Microbiol 78, 2758–2767.
Semans, F. M. (1941). Protozoal parasites of the orthoptera, with
special reference to those of Ohio. Part III. Protozoan parasites in
relation to the host and to host ecology. Ohio J Sci 41, 457–464.
Shi, Y. L., Li, L. H., Liao, Y., Li, X. N., Huang, X. Y., Liu, J., Wang, Y. &
Cao, C. (2007). [Diagnosis and treatment of Lophomonas blattarum
infection in 26 patients with bacterial pneumonia]. Zhonqquo Ji Sheng
Chong Xue Yu Ji Sheng Chong Bing Za Zhi 25, 430–431. (Article in
Chinese).
Silvanose, C. D., Bailey, T. A., Samour, J. H. & Naldo, J. L. (1999).
Intestinal protozoa and associated bacteria in captive houbara
bustards (Chlamydotis undulata) in the United Arab Emirates.
Avian Pathol 28, 94–97.
Strand, M. A. & Brooks, M. A. (1977). Pathogens of Blattidae
(cockroaches). Bull World Health Organ 55 (Suppl 1), 289–296.
Tatfeng, Y. M., Usuanlele, M. U., Orukpe, A., Digban, A. K., Okodua,
M., Oviasogie, F. & Turay, A. A. (2005). Mechanical transmission of
pathogenic organisms: the role of cockroaches. J Vector Borne Dis 42,
129–134.
Trager, W. (1932). A cellulase from the symbiotic intestinal flagellates
of termites and of the roach, Cryptocercus punctulatus. Biochem J 26,
1762–1771.
Tsai, Y. H. & Cahill, K. M. (1970). Parasites of the German cockroach
(Blattella germanica L.) in New York City. J Parasitol 56, 375–377.
van Woerden, H. C., Ratier-Cruz, A., Aleshinloye, O. B., Martı´nez-
Giron, R., Gregory, C. & Matthews, I. P. (2011). Association between
protozoa in sputum and asthma: a case-control study. Respir Med
105, 877–884.
Vijayan, V. K. (2009). Is the incidence of parasitic lung diseases
increasing, and how may this affect modern respiratory medicine?
Expert Rev Respir Med 3, 339–344.
Lophomonas and bronchopulmonary disease
http://jmm.sgmjournals.org 1647
Vijayan, V. K. & Kilani, T. (2010). Emerging and established parasitic
lung infestations. Infect Dis Clin North Am 24, 579–602.
Wang, K. (2012). [A case of Lophomonas blattarum infection in lung].
Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi 30, 1. (in
Chinese).
Wang, Y., Tang, Z., Ji, S., Zhang, Z., Chen, J., Cheng, Z., Cheng, D., Liu, Z.
& Li, L. (2006). Pulmonary Lophomonas blattarum infection in patients
with kidney allograft transplantation. Transpl Int 19, 1006–1013.
Wharton, D. R., Wharton, M. L. & Lola, J. E. (1965). Cellulase in the
cockroach, with special reference to Periplaneta americana (L). J Insect
Physiol 11, 947–959.
Wu, Z. & Liu, Y. (2010). Blattarum lophomoniasis: A newly discovered
parasitosis. Journal of Pathogen Biology 7, 21. (Article in Chinese).
Yang, Y. P., Dong, H. F. & Wang, R. F. (2000). [One case of
Lophomonas blattarum in sputum]. Shanghai Yi Xue Jian Yan Za Zhi
15, 35. (in Chinese).
Yao, G. (2008). Bronchopulmonary infection with Lophomonas
blattarum: two cases report and literature review. J Med Col PLA
23, 176–182.
Yao, G. Z., Cheng, S. K. & Chang, Z. S. (1999). [One case of
bronchopulmonary infection with Lophomonas blattarum]. Zhonghua
Jie He He Hu Xi Za Zhi 22, 507. (in Chinese).
Yao, G. Z., Zeng, L. Q. & Zhang, B. (2008a). [Visible changes of
bronchopulmonary lophomonas blatarum infection under broncho-
scope. One case report and literature review]. China Journal of
Endoscopy 10, 22. (in Chinese).
Yao, G. Z., Zeng, L. Q., Zhang, B. & Chang, Z. S. (2008b).
[Bronchopulmonary Lophomonas blattarum infection: two cases report
and literature review]. Zhonghua Nei Ke Za Zhi 47, 634–637. (in Chinese).
Yao, G. Z., Zeng, L. Q., Zhang, B. & Chi, W. W. (2008c). [The treatment
of bronchopulmonary Lophomonas blattarum infection: one case
report and literature review]. Journal of Clinical Pulmonary Medicine
12, 15. (in Chinese).
Yao, G., Zhou, B. & Zeng, L. (2009). Imaging characteristics of
bronchopulmonary Lophomonas blattarum infection: case report and
literature review. J Thorac Imaging 24, 49–51.
Yubuki, N., Ce´za, V., Cepicka, I., Yabuki, A., Inagaki, Y., Nakayama,
T., Inouye, I. & Leander, B. S. (2010). Cryptic diversity of free-living
parabasalids, Pseudotrichomonas keilini and Lacusteria cypriaca n. g.,
n. sp., as inferred from small subunit rDNA sequences. J Eukaryot
Microbiol 57, 554–561.
Zaragatzki, E., Hess, M., Grabensteiner, E., Abdel-Ghaffar, F., Al-
Rasheid, K. A. S. & Mehlhorn, H. (2010). Light and transmission
electron microscopic studies on the encystation of Histomonas
meleagridis. Parasitol Res 106, 977–983.
Zerpa, R., Ore, E., Patin˜o, L. & Espinoza, Y. A. (2010). [Lophomonas
sp. in respiratory tract secretions in hospitalized children with severe
lung disease]. Rev Peru Med Exp Salud Publica 27, 575–577. (Article in
Spanish).
Zhang, F., Li, Y. S., Zhang, H. X., Cai, L. M. & Wu, Z. X. (2010). [Clinical
treatment on two cases with bronchopulmonary Lophomonas
blattarum infection]. Journal of Clin Med Prac 14, 83–84. (in Chinese).
Zhang, R. S., Lu, L., Zhang, D. H., Wang, X. & Liu, Y. X. (2010).
[Pulmonary Lophomonas blattarum infection in a patient with liver
allograft transplantation]. Chin J Organ Transpl 31, 767–768. (in
Chinese).
Zhang, P. Y., Zhang, G. Q., Xie, G. G., Jin, X. Q. & Zhou, X. (2009).
Different pathogens and prognostic factors of renal transplant
recipients with lung infection in 46 cases. Journal of Clinical
Rehabilitative Tissue Engineering Research 13, 931–934.
Zhang, X., Xu, L., Wang, L. L., Liu, S., Li, J. & Wang, X. (2011).
Bronchopulmonary infection with Lophomonas blattarum: a case
report and literature review. J Int Med Res 39, 944–949.
Zhou, Y., Zhu, J. & Li, M. (2006). [Report on two cases of
bronchopulmonary infection with hypermastigote and review of the
literature]. Zhonghua Jie He He Hu Xi Za Zhi 29, 23–25 (in Chinese).
R. Martinez-Giro´n and H. C. van Woerden
1648 Journal of Medical Microbiology 62
